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FIRST DESCRIPTION AND SURVEY OF THE EGG MASSES OF LOL1GO GAH1 (D'ORBIGNY, 
1835) AND LOL1GO SANPAULENSIS (BRAKONIECKI, 1984) FROM COASTAL WATERS 

OF PATAGONIA 
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ABSTRACT A survey was conducted on the egg masses of Loll go gain (D'Orbigny. 1835), a target of an important squid fishery 
in the Southwest Atlantic, and L sanpaulensis (Brakoniecki. 1984), a species exploited as a by-catch species in artisanal fisheries from 
Brazil to Argentina. The egg masses are described, and several spawning areas are identified. L. gahi egg masses were composed of 
a variable number of capsules (6-345) enclosing 40-150 eggs/embryos. L. sanpaulensis egg masses consisted of numerous capsules 
(6-465) containing approximately 240-320 eggs/embryos. The si/e range of the eggs was 2.1 2.3 mm tor L. gain and 1.2-1.3 mm for 
L sanpaulensis from Nuevo Gulf, showing good correspondence with size of the mature oocytes carried in the oviducts by the females 
of each species at the same location. L gahi egg masses were located in San Marias, the San Jose and Nuevo gulfs. Cape Tres Pumas, 
and Beagle Channel, usually attached to hard substrates (e.g., kelp) or objects laying on the seafloor (e.g., stones, shells, ropes, or even 
fishing lines) at depths from 1-15 m. L sanpaulensis egg masses were found in Nuevo Gulf on sandy and muddy bottoms at depths 
of 5-15 m. Throughout a survey conducted from March 1996 to February 2000 in Nuevo Gulf, in an area w ithin the distribution range 
of both species, L. gahi egg masses were found more frequently: L gahi egg masses were observed every month of the year but 
February, whereas L sanpaulensis egg masses were delected only from February to May. 
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INTRODUCTION 

Two loliginid squid species inhabit the Atlantic coast of Pat¬ 
agonia: Loligo gahi (D'Orbigny, 1835) and L sanpaulensis (Bra¬ 
koniecki, 1984). L. gahi is a species distributed in the southeastern 
Pacific from Peru to Tierra del Fuego (Cardoso et al. 1998) and in 
the southwestern Atlantic from Tierra del Fuego to 36°S (Castel¬ 
lanos & Ca/zaniga 1979, Vigliano 1985). L. sanpaulensis is a 
species associated w ith coastal waters, distributed from San Jorge 
Gulf (Castellanos 1967) to Brazil (20°S) (Roper et al. 1984). Both 
species are present in the San Marias Gulf (Gonzalez 1999) and in 
the Nuevo and San Jose gulfs (Re et al., unpublished manuscript). 
The fishery of L. gahi in the southwestern Atlantic is the second 
most important loliginid fishery worldwide, reaching average an¬ 
nual captures over 56.000 t during 1988-1997 (FAO 1999). L. 
sanpaulensis constitutes a by-eateh species for local fisheries 
along the Atlantic coast of South America from 23°S (Costa & 
Fernandes 1993) to 43°S (Castellanos & Ca/zaniga 1979). 

The spawning areas of loliginid squids have been studied in 
some commercially valuable species (Vecchione 1988, Augustyn 
1990, Baddyr 1991, Porteiro & Martins 1992, Sauer et al. 1992, 
Sauer et al. 1993). The data on the spawning areas of loliginids in 
the southwestern Atlantic are scarce (Andriguetto & Haimovici 
1996, Re et al., unpublished manuscript, Arkhipkin et al., 2000). 
Moreover, the location of these areas has been a matter of specu¬ 
lation until recently (Chesheva 1990. Hatfield et al. 1990, And¬ 
riguetto & Haimovici 1996). 

The egg masses of Loligo are typical among those of the cepha- 
lopods (Arnold & Williams Arnold 1977, Sweeney et al. 1992); 
however, there are aspects (e.g., the number of capsules per egg 
mass, the number of eggs per capsule, the egg sizes, and the type 
of substratum on which the egg masses are attached) that are 
important to characterize the egg masses to the taxonomic level of 
species and that have not been reported in L. sanpaulensis and 
have been studied only recently in L. gahi (Guerra et al. 2001, 
Arkhipkin et al. 2000). For both species, the existence of one or 


more laying periods at different locations is still a subject of debate 
(Hatfield et al. 1990, Hatfield 1991. Costa & Fernandes 1993, 
Andriguetto & Haimovici 1996). The aims of the present study 
were (1) to find and identify the egg masses of L. gahi and L. 
sanpaulensis , (2) to locate spawning areas of both species along 
the Atlantic coast of Patagonia. (3) to study the seasonality of both 
species* spawning in a given area, and (4) to relate seasonality to 
the local temperature regime to identify critical values of tempera¬ 
ture that could restrict or favor spawning. 

.MATERIALS AND METHODS 

A continuous survey on the egg masses deposited by female 
loliginid squids in Nuevo Gulf, Argentine Patagonia (Fig. 1), was 
conducted between March 1996 and June 1998. Four buoyed ropes 
with weights attached were deployed on the sea bottom at 
Ameghino Point (March 1996-June 1996) and Kaiser Beach (July 
1996-June 1998) (Fig. 1) at depths from 5-15 m (200—1,000 m 
from the coast). To stimulate Loligo females to lay their eggs on 
the ropes, artificial egg masses made up of small polyethylene bags 
filled with polystyrene spheres were attached to the ropes' bottom 
ends. The ropes were monitored every 2 —\ wk depending on 
weather conditions. Seawater temperature, salinity, and pH were 
registered with a manual electronic sensor (Horiba Inc., Kyoto, 
Japan) at every control date. From August 1996 to February 2000. 
eight other spawning sites were found at Nuevo and San Jose gulfs 
and Beagle Channel (Fig I) by scuba diving and by collection of 
stranded egg masses on the beach. Additionally, two Loligo 
spawning sites were identified at Cape Tres Puntas and San Mat fas 
Gulf (Fig. 1) from the analysis of egg masses provided by Dr. 
Alejandro Petovello (Santa Cruz Province Fisheries Department) 
and Dr. Ratil Gonzalez (Almirante Storni Marine Biology Insti¬ 
tute). 

The capsules from each egg mass were counted, and the aver¬ 
age number of eggs/embryos per capsule w as estimated from a 
10-capsule sample per egg mass or from the capsules available 
when less than 10. The embryonic stages present in each egg mass 
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Figure 1. Area of distribution of Loligo gain and L. satipauletisis in Pat 
from Vigtiano (1985), Inada et at. (1986), and personal obseruitions. 

were identified following Arnold's scale (Arnold 1965). A 100- 
egg sample per egg mass (10 eggs x 10 capsules) was measured in 
egg masses showing embryonic stages previous or equal to 13 
(beginning of the blastoderm expansion: Arnold 1965). On the 
basis of the egg counts and measurements, the egg masses were 
classified into different types. To identify these egg mass types to 
the species level, samples of the mature oocytes were taken from 
the ovaries and oviducts of 10 L. gain (89-192 mm ML) and 10 L. 
sanpaufensis (67-157 mm ML) mature females captured by 
coastal seine and jigging at Nuevo Gulf. For each species, the 
lengths of 200 oocytes (20 oocytes x 10 females) were measured. 
Additionally, samples of 100 eggs/mature oocytes were randomly 
taken in triplicate from each of the egg mass types and from the 
ovaries and oviducts of the L. gahi and L. saupaulensis mature 
females (3 x 10 oocytes x 10 females) from Nuevo Gulf, dried to 
constant weight, and weighed. All measurements were done at 25x 
magnification with a Wild dissecting microscope (Wild. Heer- 
brugg. Switzerland) equipped with an eyepiece: weights were 
taken to the nearest 0.01 g using a Mettler PC 440 - Delta Range 
electronic scale (Mettler Instruments. Zurich. Switzerland). The 
hatching paralarvae from each egg mass type were characterized 
on the basis of their mantle lengths and chromatophore arrange¬ 
ments. 

RESULTS 

Two egg mass types with distinctive eggs/embryos sizes and 
numbers of eggs per capsule were found in Nuevo Gull. Each egg 
mass t\pe. and also the capsules, eggs, and embryos themselves, 
will be hereafter referred to as type 1 and 2. The type 1 Loligo egg 
masses were regularly found attached to the ropes at the two lo¬ 
cations of the same gulf where they were deployed: Ameghino 
Point and Kaiser Beach (Fig. 1: Table 1). They were also located 
by scuba diving on gravel substrate or on objects such as shells, 
ropes, or fishing lines at different locations of the same gulf: Pier 
Piedrabuena (Puerto Madryn). Cuevas Point. Avanzado Hill, and 
by collection of stranded material on Mimosa Beach (Fig. I: Table 



agonia and location of the spawning areas identified in this study. Data 

1). Type 1 egg masses were also found throughout a w ide latitu¬ 
dinal range along the Atlantic coast of Patagonia: Las Grutas (San 
Matias Gult'). Los Pajaros Island (San Jose Gulf). Puerto Deseado 
(Cape Tres Puntas), and Bridges Islands (Beagle Channel). Type 2 
egg masses were found only by scuba diving, anchored in sandy or 
muddy bottoms of Nuevo Gulf, near the pillars of Pier Almirante 
Storni (Puerto Madryn), and in the vicinity of Las Piedras Park, a 
recreational diving spot located a few hundred meters from the 
Puerto Madryn's waterfront (Fig. 1: Table 1). 

Type 1 and 2 egg masses are well-defined structures and are 
made up of several capsules attached to each other and to the 
substrata at their basal ends by short stalks. Each capsule consists 
of an inner core of jelly surrounded by a spiral band of jelly that 
contains a row' of eggs and an external covering formed by several 
layers of translucent material that provides cohesion and protection 
to the eggs (Fig. 2). The bases of the stalks, composed of the same 
material as the capsule's core and deprived of any external layer, 
are entangled, forming a bundle that is attached to the substrate. 
The number of capsules per egg mass varied from less than 10 to 
more than 300 for the type 1 egg masses and from less than 10 to 
more than 400 for the type 2 egg masses (Table i). Some of the 
egg masses found during the survey consisted of groups of cap¬ 
sules, each one containing embryos in a particular stage of devel¬ 
opment (multiple egg masses: Table 1). This can be attributed to 
the deposition of egg capsules in a common egg mass by more than 
one female at various time intervals. The average number of eggs/ 
embryos per capsule was 69 (/? = 340) for the type 1 and 298 {n 
= 50) for the type 2 egg masses, but these numbers varied con¬ 
siderably between egg masses of the same type (Table 1). 

Both type 1 and 2 eggs were approximately oval in shape, with 
the animal pole more pointed than the vegetal pole. The average 
size of the eggs was 2.2 mm (2.1-2.3 mm: n — 500) for type 1 egg 
masses and 1.2 mm (1.2-1.3 mm: n = 200) for type 2 egg masses 
(Fig. 2). The dry weights of 100 eggs were 0.10 g for each of the 
three replicates of type 1 eggs and 0.03 g for each of the three 
replicates of type 2 eggs. 
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TABLE E 

Results of the sunej on Loligo spp. egg musses in the Atlantic coast of Patagonia. 


Record 

Location 

Date of 

collection 

Depth 

(m) 

pn 

Temperature 

t a 

SaliniU 

(ppl) 

Capsules per 
egg mass 

Average eggs 
per capsule 

Stage of embrvonic 
development 

Type 

1 * 

Las Grutas 

5/1 1/84 

5 

n/a 

n/a 

n/a 

15 

52 

13-22 

1 

i 

Puerto Deseado 

12 / 15/95 

Stranded 

n/a 

n/a 

n/a 

n/a 

55 

28 

1 

3 

Ameghino Point 

3 / 12/96 

10 

8.1 

16.3 

34.6 

65 

46 

28 

1 

4 

Ameghino Poini 

3 / 12/96 

5 

8.1 

16.3 

34.6 

6 

52 

16 

1 

5 

Ameghino Point 

3 / 28/96 

10 

8.08 

16.3 

34.6 

20 

80 

28 

1 

6 

Ameghino Point 

4 / 26/96 

10 

8.18 

14.5 

35.0 

10 

63 

29 

1 

7 

Los Pajaros Island 

5 / 5/96 

Stranded 

n/a 

15 

n/a 

153 

92 

17 

1 

8 

Ameghino Point 

5 / 29/96 

15 

8.2 

12.9 

35.0 

35 

65 

29 

1 

9* 

Ameghino Point 

5 / 29/96 

10 

8.2 

12.9 

35.0 

37 

94 

18-23 

1 

10 

Ameghino Point 

5 / 29/96 

10 

8.2 

12.9 

35.0 

IT 

63 

12 

1 

1 I 

Kaiser Beach 

7 / 26/96 

15 

8.21 

10.6 

35 .) 

78 

61 

10 

1 

12 

Pier Piedrahuena 

8 / 13/96 

5 

8.22 

10.2 

35.1 

38 

53 

15 

1 

13 * 

Kaiser Beach 

8 / 29/96 

15 

8.26 

10.6 

35.2 

52 

58 

15-17 

1 

14 

Kaiser Beach 

9/12/96 

10 

8.3 

11 

34.S 

49 

81 

14 

1 

15 

Kaiser Beach 

9 / 12/96 

5 

8.31 

10.8 

35.1 

123 

69 

13 

1 

16 

Kaiser Beach 

9 / 12/96 

10 

8.3 

11 

34.8 

23 

63 

13 

1 

17 * 

Kaiser Beach 

9 / 30/96 

10 

8.29 

11.8 

35.1 

345 

63 

12 - 21-30 

1 

18 

Kaiser Beach 

10 / 14/96 

10 

8.3 

13.2 

34.6 

85 

85 

19 

1 

19 * 

Kaiser Beach 

10 / 14/96 

10 

8.3 

13.2 

34.6 

98 

42 

13-18 

1 

20 * 

Kaiser Beach 

11 / 27/96 

5 

8.4 

15.4 

34.7 

69 

44 

28-29 

1 

21 

Kaiser Beach 

11 / 27/96 

5 

8.4 

15.4 

34.7 

30 

76 

10 

1 

TT 

Kaiser Beach 

12 / 26/96 

5 

8.35 

14.9 

34.6 

13 

39 

0 

1 

23 

Kaiser Beach 

1 / 28/97 

10 

8.46 

18 

34.8 

85 

73 

28 

1 

24 

Kaiser Beach 

1 / 29/97 

10 

8.46 

18 

34.8 

63 

82 

13 

1 

25 

Kaiser Beach 

3 / 4/97 

10 

8.44 

19.3 

34.2 

7 

91 

8 

1 

26 

Kaiser Beach 

3 / 25/97 

5 

8.49 

16.5 

34.8 

3 

63 

29 

1 

27 

Cuevas Point 

6 / 23/97 

5 

8.58 

12.8 

35.0 

58 

74 

26 

1 

28 

Cuevas Point 

6 / 23/97 

5 

8.58 

12.8 

35.0 

60 

82 

19 

1 

29 

Cuevas Point 

6 / 23/97 

5 

8.58 

12.8 

35.0 

24 

88 

10 

1 

30 

Mimosa Beach 

7 / 3/97 

Stranded 

n/a 

n/a 

n/a 

62 

55 

29 

1 

31 

Kaiser Beach 

9 / 10/97 

10 

n/a 

n/a 

n/a 

243 

48 

n/a 

1 

32 

Bridges Islands 

6 / 15/97 

12 

n/a 

n/a 

n/a 

51 

74 

12 

1 

33* 

Pier Storni 

3 / 17/98 

15 

8.5 

16.8 

34.2 

180 

309 

Various 

i 

34 * 

Pier Siorni 

3 / 17/98 

15 

8.5 

16.8 

34.2 

465 

322 

Various 

2 

35 

Pier Storni 

3 / 26/98 

15 

8.4 

16.5 

34.0 

13 

243 

13 

2 

36 * 

Pier Storni 

3 / 26/98 

15 

8.4 

16.5 

34.0 

82 

314 

Various 

t 

37 

Avanzado Hill 

3 / 31/98 

1 

n/a 

n/a 

n/a 

28 

154 

11 

1 

38 

Pier Stomi 

4 / 4/98 

15 

8 22 

16.3 

34.0 

88 

n/a 

14 - 22-26 

T 

39 

Pier Stomi 

4 / 4/98 

15 

8.2 

16.3 

34.0 

52 

n/a 

29 

T 

40 

Pier Storni 

5 / 22 / 9S 

15 

8.07 

14.8 

34.0 

6 

n/a 

>29 

2 

41 

Kaiser Beach 

6 / 30/9 S 

10 

8.25 

11.2 

34.3 

138 

60 

12 

1 

42 * 

Bridges Islands 

8 / 17/98 

6 

n/a 

5 

n/a 

35 

63 

Various 

1 

43 

Las Piedras Park 

2 / 4/00 

5 

n/a 

17.4 

n/a 

20 

302 

21 

T 


No egg masses were found on the ropes on 8/13/96, 1/18/97, 2/17/97, and 4/23/97. Embryonic stages follows the scale of Arnold (1965). 
n/a: not available. 

^Multiple egg mass (groups of capsules wilh embryos at different stages of development). 


Besides larger absolute sizes, type 1 embryos show external 
yolk sacs proportionally larger than those of type 2 embryos at the 
same stages of development (Fig. 3). Therefore, throughout their 
development, type 1 embryos show features closer to those de¬ 
scribed by Naef (1928) for the embryos of L vulgaris (Lamark, 
1798), and type 2 embryos show characteristics that resemble 
those illustrated by Arnold (1965) for the embryos of L. pealei (Le 
Sueur. 1821). At hatching, type 1 embryos attain mantle lengths of 
2.6-3.2 mm. and type 2 embryos attain mantle lengths of 1.4-1.7 
mm (Fig. 3). The most common chromatophore arrangements 
found on the embryos of both types of paralarvae are shown in 
Figure 4. Chromatophores were red or yellow on the ventral sur¬ 


face of both types of paralarvae. brown or yellow on the dorsal 
surface of type 1 paralarvae. and only yellow on the dorsal surface 
of the type 2 paralarv ae. Orange chromatophores were observed 
only on the embryos in stages 26-28 of Arnold's scale (Arnold 
1965). The cheek patches of the type 1 hatchlings consisted in four 
red chromatophores. but three chromatophores on either one or 
both cheeks were frequently observed. The type 2 hatching 
paralarvae displayed only two red chromatophores on each cheek 
patch. 

The average size of the mature oocytes sampled from the ova¬ 
ries and oviducts of 10 L. gahi females was 2.2 mm (2.0-2.4 mm: 
n = 200): the av erage size of the oocytes sampled from 10 female 
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Figure 2. Aspect of Loligo spp. egg mass ty pes found in the Atlantic 
coast of Patagonia. Left: type I egg capsule from Beagle Channel. 
Center: type 1 hfligo sp. egg capsule from Nuevo Gulf, Right: type 2 
egg capsule from Nuevo Gulf (scale bar = 6 mm). 

L sanpaulensis was 1.2 (1.2-1.3 mm; n = 200). The dry weights 
of 100 oocytes were 0.10 g for each of the three replicates of L. 
gain s oocytes and 0.03 g for those of L. sanpaulensis. Given that 
L. gahi and L. sanpaulensis are the only loliginids that inhabit the 
waters of northeastern Patagonia (Castellanos & Cazzaniga 1979, 
lnada et al. 1986), the striking correspondence between the sizes 
and weights of each egg type and the mature oocytes of either 
species make it possible to state that the type 1 egg masses belong 
to L. gain and type 2 egg masses belong to L. sanpaulensis. 

From the egg masses obtained in Bridges Islands (Fig 1: Table 
1), those found in August 1998 showed eggs identical in size to the 
L. gahi eggs from Nuevo Gulf (average 2.2 mm, range 2.1-2.3 
mm; n = 200). The egg mass found in the same locality in June 
1997 (Table 1) showed eggs somehow bigger than those normally 
found in the type 1 egg masses (average 2.6 mm. range 2.3-3.0 
mm; n = 200). Moreover, this was composed of two different 
groups of capsules showing eggs that were 2.3-2.6 mm and 2.6- 
3.0 mm. However, the number of eggs per capsule fell into the 
range reported for the type 1 egg masses (Table 1). The dry weight 
of each of the three 100-egg replicates taken from this egg mass 
was 0.20 g. 

In Nuevo Gulf, L. gahi spawned almost continually throughout 
the year; February was the only month in which egg masses were 
not found (Table 1). According to historical registers (more than 
10 years, hourly records) taken at Nuevo Gulf (unpublished data, 
Puerto Madryn's Tides Control Station, Hydrographic Service, Ar¬ 
gentine Navy), the monthly average of daily minimum SST 
reaches a minimum in August (7.3°C), and the monthly average of 
daily maximum SST reaches a maximum in February (23°C). SST 
registered in Beagle Channel at the time of collection of type 1 egg 
masses (August 1998) was 5 C. These data show that L. gahi can 
spawn at temperatures as low as 5°C and that spawning could be 
limited at temperatures close to 23°C. Although the sampling pro¬ 
cedure limits the quantitative estimation on spawning peaks of L. 
gahi in Nuevo Gulf, it is interesting that L. gahi egg masses with 
higher numbers of capsules were registered in September in both 
1996 and 1997 (Table 1). Type 2 egg masses were found in Nuevo 
Gulf from March 1998 to May 1998 and in February 2000 (Table 
I). The analysis of the embryonic stages found in these egg masses 
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Figure 3. Compared aspect of the type I and type 2 Loligo fixed 
embryos. Upper left: type 2 embryo at stage 30; upper rigth: type 2 
embryo at stage 21; lower left: type I embryo at stage 30; lower rigth: 
type 1 embryo at stage 21 (scale bar = I mm), ys: yolk sac. Embryonic 
stages following the scale of embryonic development of Arnold (1965). 

suggests that the egg masses were actually deposited from March 
1998 to April 1998 and in January 2000. These results show that 
the spawning season of L. sanpaulensis in the study area extends 
from summer to early fall. During this period, the monthly average 
of daily minimum SST reaches a minimum in April (12°C), and 
the monthly average of daily mean SST ranges between 15°C 
(April) and 17.5°C (February). 

DISCUSSION 

It has been observed that some loliginids deposit their egg 
masses on the ropes and PVC pipes used as traps for octopuses 
(Porteiro & Martins 1992, Re et al. 1996). Also, artificial egg 
masses such as those used in this work have been reported to cause 
a visual stimulus for loliginids to mate and spawn (Arnold & 
Williams Arnold 1977, Yang et al. 1986, Vecchione 1988). The 
devices deployed in this study to examine the laying activities of 
the Loligo species present in Nuevo Gulf are a simplification of 
those traps. These structures stimulated the spawning of L. gahi 
but did not show any results with L. sanpaulensis. This seems 
reasonable, considering that L gahi deposits its egg masses on 
hard substrata and L. sanpaulensis spawns on soft bottoms. A 
distinct selection of substrata for egg laying has also been observed 
in tw o sympatric loliginids in the Gulf of Mexico, L. pealei se¬ 
lecting hard substrates and L. plei (Blainville. 1823) preferring soft 
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Figure 4. Chromatophore arrangements on the ventral (left) and dor¬ 
sal (rigthi surfaces of the Loligo spp. hatching paralarvae from coastal 
waters of Patagonia. Top: type 1 paralarva, bottom: type 2 paralana. 
Black circles represent red chromatophores, gray circles represent 
brown chromatophores and empty circles represent \ el low chromato- 
phores. 


substrates (Vecchione 1988). Arkhipkin et al. (2000) found egg 
masses of L gahi attached to no other substrate than kelp and 
concluded that the spawning sites of the species could be limited 
to shallow waters. In the present work, egg masses of L gahi have 
been found attached not only to kelp but also to other types of hard 
substrate. 

The structure of both species' egg masses, several capsules 
enclosing a row of eggs arranged in a coiled pattern along their 
longitudinal axle, is typical of Loligo species (Arnold & Williams 
Arnold 1977). The number of capsules per egg mass is variable for 
L . gahi and L sanpaulensis egg masses; this variability is probably 
related to the size and physiological condition of the mother. This 
has also been observed in L. vulgaris reynaudii (Lamark, 1798) by 
Sauer et al. (1993), who found concentrations of egg masses more 
than 3 m in diameter surrounded by smaller ones (1-10 capsules 
per egg mass), and by Vecchione (1988), who observed Loligo sp. 
egg masses in the Gulf of Mexico that were made up of 10-40 
capsules. However, as it has been observed in the present study, 
the variability could in part be the result of the deposition of 
multiple egg masses on a common mass by more than one female. 
Also, it should be noted that even when most egg masses were 
considered as individual egg masses, it is possible that these were 
deposited by more than one female within a brief period of time. 


so they could not be distinguished from each other on the basis of 
embryo maturity. This has also been suggested by Arkhipkin et al. 
(2000) who found 6-141 capsules per egg mass in L gahi . 

The number of eggs per capsule in the egg masses of L. gahi is 
comparable to that reported for other loliginids, such as L. du- 
vaucelii (D'Orbigny, 1848) (125-150 eggs per capsule: Asokan & 
Kakati 1991), L forbesi (Steenstrup. 1856) (39-52 eggs per cap¬ 
sule; Porteiro & Martins 1992), and L. vulgaris reynaudii (148 ± 
37 [mean ± SD] eggs per capsule; Sauer et al. 1993). The number 
of eggs per capsule reported in this study is comparable to that 
found by Guerra et al. (2001) (50-60 eggs per capsule) from a 
12-capsule egg mass of L gahi found in Renaca, Chile (32°58'S, 
71°32'W). Also, the mean number of eggs per capsule observed in 
the present work (69 eggs per capsule) is similar to that reported by 
Arkhipkin et al. (2000) for the same species (71 eggs per capsule). 
The number of eggs per capsule of L. sanpaulensis is comparable 
to that for L. plei (200-300 eggs per capsule) reported by Waller 
and Wicklung (1968). 

The egg-size range of L. opalescens (Berry, 1911) (2.0-2.5 
mm; Fields 1965) shows the greatest resemblance to that of L. 
gahi. Other species with close egg-size ranges are L . vulgaris 
(2.3-2.7 mm) (Worms 1983. cited in Baeg et al. 1992) and L. 
bleekeri (Keferstein. 1866) (2.6—2.7 mm; Baeg et al. 1992). The 
size range observed in the eggs of L. gahi from Nuevo Gulf and the 
egg mass found in Bridges Islands in August 1998 (2.1-2.3 nun) 
is within the range reported by Arkhipkin et al. (2000) (2.0-2.5 
mm) from egg masses found in the Falkland (Malvinas) Islands, 
and the size range from the eggs found in Bridges Islands in June 
1997 (2.3-3.0 mm) is comparable to that reported by Guerra et al. 
(2001) from the eggs found in Renaca, Chile (2.6-3.1 mm). On the 
other hand, the size range of the L. sanpaulensis eggs falls within 
the range reported for the Northeastern Atlantic species L. pealei 
(11 1.6 mm: Summers 1983, cited in Baeg et al. 1992). 

The chromatophore arrangements displayed by the hatching 
paralarvae of L. gahi and L. sanpaulensis were easily distinguish¬ 
able from each other. The pattern found in L. gahi closely re¬ 
sembles that reported by McConathy et al. (1980) for L. opal¬ 
escens , and the pattern found in L. sanpaulensis is similar to that 
observed by the same authors in Lolligwieula brevis (Blainville, 
1823). The pattern of chromatophore arrangements reported by 
Arkhipkin et al. (2000) for the paralarvae of L. gahi is similar to 
that found in this study. However, this authors omitted two yellow 
chromatophores placed on the ventral surface of the head, anterior 
to the eyes, that were regularly observed in the L. gahi hatchlings 
from this study, both from Nuevo Gulf and Bridges Islands, and in 
other loliginids (Naef 1928, McConathy et al. 1980, Baeg et at 
1992, Blackburn et al. 1998). Also, Arkhipkin et al. (2000) incor¬ 
rectly report the presence of brown chromatophores on the ventral 
surface of the hatching paralarvae, which are actually red, and the 
presence of orange chromatophores, which are actually yellow 
(orange chromatophores are present only in earlier stages of the 
embryonic development). 

L. gahi shows a year-round spawning season in Nuevo Gulf, 
which could be limited at the depth range covered in this study 
(0-15 m) by the maximum SST of the hottest month. Continuous 
spawning throughout the year has also been reported for L. vul¬ 
garis reynaudii (Sauer et al. 1992) from South Africa and L. 
forbesi (Lum Kong et al. 1992) from Irish waters. The observation 
of two peaks of recruitment of L. gahi to the Falkland (Malvinas) 
Islands fishery has led some authors to consider two major spawn¬ 
ing peaks for that area (Patterson 1988, Hatfield et al. 1990). 
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Recently, a third recruitment peak has been identified (Agnew et 
al. 1998, Hatfield & Murray 1999). The hypothesis of a spawning 
peak in September for L. gahi in Nuevo Gulf, on the basis of this 
study's preliminary observations on the size of the egg masses, 
agrees with the observations of Portela et al. (1994). who reported 
maximum proportions of spawning L. gahi individuals in Septem¬ 
ber between 42°S and 49°S during a survey conducted from March 
to October 1989. 

On the basis of the results of the egg mass survey in Nuevo 
Gulf, it can be stated that the spawning activity of L sanpaulensis 
near the southern limit of its geographic distribution is restricted to 
summer. Unpublished data on the reproductive cycle of L. san¬ 
paulensis in Northern Patagonia on the size and maturity structure 
of the adult and juvenile population (Baron Sc Re, Pers. Comm.) is 
consistent with this conclusion. Previous studies on the reproduc¬ 
tive cycle of L. sanpaulensis in fishing areas of central Argentina 
(Mar del Plata, 38°S) and Brazil (Cabo Frio, 21°S) indicated two 
spawning peaks per year (Vigliano 1985, Costa & Fernandes 
1993). However, an extended spaw ning period for L, scmpaulensis 
throughout the year has been considered for southern Brazil in a 
more recent study (Andriguetto & Haimovici 1996) In Nuevo 
Gulf, spawning seems to be limited by water temperature below 
12 C and facilitated by a monthly average of daily mean tempera¬ 
ture in the range of 15-17.5 C. This temperature range is in agree¬ 
ment with the observations of Andriguetto and Haimovici (1996) 
who reported the finding of undetermined Loligo egg masses, 
presumably of L. sanpaulensis , in Southern Brazil at bottom tem¬ 
peratures of 17.5°C-17.8°C. 

The differences in the sizes and weights of the eggs in the egg 
mass found in Bridges Islands in July 1997 cannot be fully ex¬ 
plained on the basis of the present information. The existence of 


two groups of capsules enclosing eggs with different size ranges 
but the same stage of development suggests that this was actually 
a multiple egg mass deposited by two females within a brief time 
interval. Given that the number of eggs per capsule of this egg 
mass is within the range observed for type 1 egg masses, this could 
be a L. gain egg mass adapted to the low temperature conditions of 
the Beagle Channel. On the other hand, it could be thought of as 
the egg mass of another Loligo species. Filippova (1969, cited in 
Castellanos Sc Cazzaniga 1979) postulated the existence of two 
different taxonomic entities within L. gahi ( L. gahi in waters of the 
Pacific and L patagonica in the Atlantic). However, Castellanos 
and Cazzaniga (1979) and Brakoniecki (1984) presented evidence 
that L. patagonica is a junior synonym of L. gahi. 

The present work shows the wide ranges of latitude and tem¬ 
perature suitable for the spawning activity of L gahi along the 
Patagonian Coast and the narrow range of temperature at which L 
sanpaulensis can reproduce near the southern limit of its distribu¬ 
tion. Further studies on the spawning grounds of L. gahi and L 
sanpaulensis must emphasize quantitative estimations to provide 
predictive data on the recruitment patterns of both species. 

ACKNOWLEDGMENTS 

1 am grateful to the personnel of the vessel Lago Musters (Pre- 
fectnra Naval Argentina) for their assistance in the survey of egg 
masses in Nuevo Gulf and to Mr. Hector Monsalve, Dr. Raul 
Gonzalez, and Dr. Alejandro Petovello. who provided part of the 
material used in this study. I appreciate the support given by Dr. 
Marfa E. Re and the valuable comments given by Dr. Manuel 
Haimovici, Dr. Nestor Ciocco, Dr. Jose “Lobo" Orensanz, and two 
anonimous referees. 


I ITER \Tl RE CITED 


Agnew, D. J., C. P. Nolan Sc S. Des Clers. 1998. On (he problem of 
identifying and assessing populations of Falkland Island squid Loligo 
gahi. In: A. 1 L. Payne. M. R. Lipinski, M. R. Clarke. Sc M. A. C. 
Roelevelld. editors. Cephalopod biodiversity, ecology and evolution. S. 
African J. Mar. Sci. 20:59-66. 

Andriguetto, J. M. Sc M. Haimovici. 1996. Reproductive cycle of Loligo 
sanpaulensis Brakoniecki, 1984 (Cephalopoda: Loliginidae) in south¬ 
ern Brazil. Sci. Mar. 60(4):443—J50. 

Arkhipkin, A. I., V. V. Laptikhovsky & D. A. J. Middleton. 2000. Adap¬ 
tations for cold water in Loliginid squid Loligo gahi in Falkland waters, 
J. Moll. StiuL 66:551-564. 

Arnold. J. M. 1965. Normal embryonic stages of the squid Loligo pealii 
(Lesueur). Biol. Bull. 128:23-32. 

Arnold. J. M. Sc L. D. Williams Arnold. 1977. Cephalopoda: Decapoda. 
En. Reproduction Mar. Invertebrates 4{5):243-290. 

Asokan. P K Sc V. S. Kakati. 1991. Embryonic development and hatching 
of Loligo duvaucelii Orbigny (Loliginidae, Cephalopoda) in the labo¬ 
ratory. Indian J. Fish. 38(4):201-206. 

Augustyn. C. J. 1990. Biological studies on the chokka squid Loligo vul¬ 
garis reynaudii (Cephalopoda; Myopsida) on spawning grounds off the 
south-east coast of South Africa. S. Afr. J. Mar. Sci. 9:11-26. 

Baddvr. M. 1991. Biology of the squid Loligo vulgaris in relation to the 
artisanal fishing site of Tifnit, Morocco. Bull. Mar. Sci. 49(1-2):661. 

Baeg, G. H , Y. Sakurai Sc K. Shimazaki. 1992. Embryonic stages of Loligo 
bleekeri Keferstein (Mollusca: Cephalopoda). The Veliger 35(3):234- 
241. 

Blackburn, S., W. H H. Sauer & M. R. Lipinski. 1998. The embryonic 
development of the Chokka squid Loligo vulgaris reynaudii d'Orbigny, 
1845. The Veliger 41(3):249-258. 


Brakoniecki. T. F. 1984. A full description of Loligo sanpaulensis. Bra¬ 
koniecki. 1984 and a redescription of Loligo gahi D'Orhingny, 1835, 
two species ol squid (Cephalopoda: Myopsida) from the Southwest 
Atlantic. Bull. Mar. Sci. 34{3):435-448. 

Cardoso, F., J. Tarazona Sc C. Paredes. 1998. Aspeclos biologicos del 
calamar patagonico Loligo gala (Cephalopoda: Loliginidae) en Huar- 
mey, Peru. Rev. Per. Biol. 5(1):9-14. 

Castellanos, Z. J. Sc N. J. Cazzaniga. 1979. Aclaruciones acerca de los 
Loliginidae del Ailantico Sudoccidental (Mollusca: Cephalopoda). 
Neotropica 25(73): 59-68. 

Chesheva, Z. A. 1990. Biologiya kaFmara Loligo patagonica Yugo- 
Zapadnoj Atlanliki. Zool. Zh. 69(2)426-129. 

Costa. P. A. S. & F. C. Fernandes. 1993. Reproductive cycle of Loligo 
sanpaulensis (Cephalopoda: Loliginidae) in the Cabo Frio region. Bra¬ 
zil. Mar. Ecol. Prog. Ser. 101 (l-2):91-97. 

FAO. 1999. Fishery statistics 1997. Vol. 84. 

Fields. W. G. 1965. The structure, development, food relations, reproduc¬ 
tion, and life history of the squid Loligo opalescens Berry. California 
Department of Fish and Game. Fish. Bull. 131:1-108. 

Gonzalez, R. A. C. 1999. Biologfa y explotacion pesquera del salmon de 
mar Psettdopercis semifaseiata (Cuvier, 1829) (Pinguipedidae) en el 
Golfo San Matfas, Patagonia, Argentina. Tesis doctoral. Universidad 
Nacional del Sur. 1 35 pp. 

Guerra, A., F Rocha, L. F. Buckle Sc A. F. Gonzalez. 2001. Embryonic 
stages of the Patagonian squid Loligo gahi (Mollusca: Cephalopoda). 
The Veliger 44(1). 

Hatfield. E. M C. 1991. Post recruit growth of the Patagonian squid Loligo 
gahi (d'Orbigny). Bull. Mar. Sci. 49:349-361. 

Hatfield, E. M. C., P. G. Rodhouse Sc J. Porebski. 1990. Demography and 


Survey of the Egg Masses of L. gam and L sanpaulensis 


295 


distribution of the Patagonian squid (Loligo gahi d'Orbigny) during the 
austral winter. J. Cons. Cicn. 46(3):306-3l2. 

Hatfield. E. M. C. & A. \V. A. Murray. 1999. Objective assessment of 
maturity in the Patagonian squid Loligo gahi (Cephalopoda: Lolig- 
inidae) from Falkland Islands waters. ICESJ A far. Sci . 56(5):746-456. 

Inada. T.. M. Takeda H. Hatanaka. 1986. Important fishes trawled off 
Patagonia. 1. Nakamura, editor. Japan Marine Fishery Resource Re¬ 
search Center. 369 pp. 

Lum Kong. A., G. J. Pierce & C. Yau. 1992. Timing of spawning and 
recruitment in Loligo forbesi (Cephalopoda: Loliginidae) in Scottish 
waters. J. Mar. Biol. Aw. U.K. 72<2):301 —311. 

MeConathy, D.A.. R.T. Hanlon & R. F. Hixon. 1980. Chromatophore 
arrangement of hatchling loliginid squids (Cephalopoda, Myopsida). 
Malacologia 19(2):279-2SS. 

Naef, A. 1928. Die Cephalopoden. Embriologie. Fauna Flora Golfs of 
Neaple. Monograph 35(11). 357 pp. 

Nesis. K. M. 1987. Cephalopods of the world. L. A. Burgess, editor. THF 
Publications. 351 pp. 

Patterson, K 1988. Life history of the patagonian squid Loligo gahi and 
growth parameters estimates using least squares fits to linear and Von 
Bertalanffy models. Mar. Ec. Prog . Ser. 47(l):65-74. 

Porteiro. F. M. & H. R Martins. 1992. First finding of natural laid eggs 
from Loligo forbesi Steenstrup. 1856 (Mollusca: Cephalopoda) in the 
Azores. Anpdpelago Cienc. Nat. Kif Earth Sci. 10:1 19-120. 

Portela. J M., N. P. Contreras & V. Trujillo Gorbea. 1994. Aspectos 
reproductivos del calamarete (Loligo gahi). el calamar (Illc.x argenti- 
nns) y la merluza (Merhtccius hnhbsi) en el Atlantico Sudoccidental. 
Frente Maritime 15(a):21-36. 

Re, M. E., J. C. Beron & A. Gosztonyi. 1996. First haresting results of a 
small cephalopod. Octopus teluielchus. in the subtidal zone of North 
Patagonian Gulfs, Argentina. Proc. of the 4 lh ICMAM. J. Med. Appl. 
Malacol. 8(1):119. 

Re, M. E.. A. E. Gosztonyi & 1. Elias. Loligo sanpaulensis y Loligo gahi 
(Mollusca: Cephalopoda) en aguas chubutenses y su presencia en las 


captruas con red de costa. Centro National Patagdmco - Consejo Na¬ 
tional de Investigaciones Cientificas y Tecnicas, Boulevard Brown s/n, 
(9120) Puerto Madryn, Chuhut. Argentina. Pers. Comm. 

Roper, C. F. E.. M. J. Sweeney & C. E. Nauen 1984. FAO species cata¬ 
logue. Cephalopods of the world. An annotated and illustrated cata¬ 
logue of species of interest to fisheries. FAO Fish. Synop., (1254) Vol 
3. 277 pp. 

Sauer, \V. H H., M. J. Smale & M. R. Lipinski. 1992. The location of 
spawning grounds, spawning and schooling behaviour of the squid 
Loligo vulgaris reynaudii (Cephalopoda: Myopsida) off the Eastern 
Cape Coast. S. African Mar. Biol. I 14( 1 ):97-107. 

Sauer, W. H. IE, C. McCarthy, M J. Smaile & A. S. Koorts. 1993. An 
investigation of the egg distribution of the chokka squid, Loligo vul¬ 
garis reynaudii. in Krom Bay. S. African Bull. Mar . Sci. 53(3): 1066- 
1077. 

Sweeney, M. J., C. F. E. Roper. K. M. Mangold. M. R. Clarke & S. V 
Boletzkv. 1992. Larval and Juvenile Cephalopods: A manual for their 
identification. M. J. Sweeney. C. F. E. Roper, K. M. Mangold. M. R 
Clarke & S. V. Boletzky, editors. Washington D.C.: Smithsonian Con¬ 
tributions to Zoology No 513. 282 pp. 

Vecchione. M. 1988. In-situ observations on a large squid spaw ning bed in 
the Eastern Gulf of Mexico. Malacologia 29(1): 135-141. 

Vigliano, P.H. 1985. Contribution al conoeimiento de la biologia de Loligo 
brasiliensis Blainville 1823 (Mollusca, Cephalopoda) en aguas argen- 
tinas. Tesis Doctoral, Faeultad de Ciencias Naturales. Univerxidad Na- 
cional de La Plata. 183 pp. 

Waller, R. A. & R. I. Wicklung 1968. Observations from a research sub¬ 
mersible—mating and spawning of the squid. Doritenthis plei. Bio- 
Science (February):! 10-111, 

Yang, W. T., R. F. Hixon, R. F. Turk. P. E. Krejci, M. E. Hulet & R. T. 
Hanlon. 1986. Grow th, behaviour, and sexual maturation of the market 
squid. Loligo opalescens. cultured through the life cycle. Fish. Bull. 
84:771-798. 







